Livestock is a critical asset for many rural poor, however, the current climate crisis is affecting livestock farmers. A cross-sectional household survey was conducted in order to assess the farmers' perceptions of climate change, and its impact on production and adaptation responses. Using a multistage sampling procedure, a total of 142 smallholder livestock farmers were selected from 18 villages across the study area. Descriptive and inferential statistical tools were used and the observed results showed that there has been a perceived drastic decline in rainfall in the area over the last 25 years. Some of the perceived impacts were poor vegetation and limited grazing, scarcity of water resources, decreased livestock growth rate, weight, milk production and reproduction rates. Adaptation responses were limited as the results showed that the only response measures taken amongst the many options available were changing grazing routes, increasing grazing distances, destocking, water harvesting and storage, and increased dependence on social welfare. An examination of farmers' perceptions of their adopted responses showed that none of the response measures were perceived as significantly effective. The lack of effective response to the climate change crisis is a cause for concern, as the livestock industry is endemic to the region and sustains families and entire communities.
INTRODUCTION
Climate change has been described as the "long-term change of the earth's climate including changes in temperature, precipitation, and wind patterns over a period of several decades or longer" (Leiserowitz et al, 2014:6) . The International Fund for Agricultural Development (IFAD, 2014) has predicted an increased occurrence of extreme weather events with extensive destruction of agricultural lands. This will have major implications for those whose livelihoods are dependent on farming. Livestock is a critical asset for the rural poor as it fulfils diverse economic, social and threat management functions (Calvosa, Chuluunbaatar & Fara, 2010) . The eroding force of climate change is a threat to livelihoods and simultaneously affects smallholder farmers' capacities to cope or adapt with its associated crises (Action Contre La Faim (ACF), 2013) . For instance, resource-poor households, whose major assets are livestock, could lapse into poverty due to livestock losses (IFAD, 2009 ) arising from loss of grazing land that could lead to reduction in milk, meat and wool production (Calvosa et al, 2010) . The literature identifies some of the challenges that could arise, including heat stress, the spread of pests and diseases and loss of vegetation, all of which could compromise rural livelihoods and propel them further into impoverishment (Turpie & Visser, 2013) . Though depicted as an alarming situation particularly for the smallholder category of farmers, it is critical to recognise their individual perception of the changing climate as it could indeed influence their adaptation responses.
Perception can be defined as the process by which organisms interpret and organise sensation to produce a meaningful experience of the world (Lindsay & Norman, 1977; Ndamani & Watanabe, 2015; Pickens, 2005) . According to Ofuoku (2011) , it is anticipated that a man's reaction to protect his well-being and future is based on his perception and interpretation of climate change. Although such perception and interpretation could differ substantially from reality (Pickens, 2005) , they must be put into consideration to address socio-economic challenges (Kusakari et al, 2014; Ndamani & Watanabe, 2015) . Perception is thus a critical concept that has been observed to influence farmers' coping and adaptation responses to climate change (Gbetibouo, 2009; Molua, 2014; Mustapha et al, 2013) . For example, inconsistencies between farmers' perceptions and observed climate trends could lead to suboptimal or counterproductive adaptations (Kassie et al, 2013) .
Appropriate coping and adaptation choices are limited, with most farming communities able to make use of only provisional coping or adaptation mechanisms to moderate the effects of climate change (Otieno & Muchapondwa, 2016; Wiid & Ziervogel, 2012) . The limited responses are a perpetual challenge, as no farming population is immune to the impacts of climate change. It is thus critical to understand the impacts, know the response capacities, and assess the effectiveness of the response measures in dealing with the current climate crisis. A brief by IFAD (2014) described how climate debates often overlook the effects of climate change in terms of economic and financial opportunities for smallholder farmers. According to the report, there are many opportunities where farmers can capitalise on learning to adapt to the changing climate.
Despite worldwide coverage of climate change impact, there is inter-and intra-sectoral variation in vulnerability depending on location, adaptive capacity and other socio-economic and environmental factors (Belay & Sugulle, 2011) . This draws critical attention to the need for more comprehensive climate risk impact and adaptation assessments at every possible level. In view of this statement, this study is expected to answer the following key questions:
1. What are the perceptions of livestock smallholder farmers to climate change? 2. How do smallholder farmers perceive the impacts of climate change on livestock production? 3. What are the smallholder farmers' coping and adaptation responses to climate change? 4. How do the smallholder farmers perceive the effectiveness of such response measures?
RESEARCH METHODOLOGY
A sample of 142 smallholder farmers practising livestock production in 18 villages were interviewed using a cross-sectional household survey. The villages were selected from Willowvale, Elliotdale and Idutywa in Mbahashe Local Municipality. Willowvale: Ngxakaxa Sheshegu and Ngxakaxa Phesheya kwe dip (Ward 2); Gwadana Ngaphantsi and Gwadana Phezulu (Ward 3). Elliotdale: Keti Cimakala and Keti Lalini (Ward 31), Nqadu Phezulu and S. Afr. J. Agric. Ext. Popoola, Monde, Vol. 47 No. 2, 2019: 46 - Simple descriptive statistical tools were used to describe respondents' socio-economic characteristics and represent their perceptions of temperature and rainfall changes. Mean scores were used, following Farauta et al (2011) , to analyse and describe the severity of climate change-induced risks, classified on a three-point Likert scale as 'very severe' = 3, 'severe' = 2, and 'not severe' = 1. A computation of individual and overall mean scores was done. Risks with a mean score equal to or greater than (≥) 2.0 were considered very severe while those with a mean score less than (<) 2.0 were considered not severe in the study area. Mean scores were also used to analyse and describe the extent of climate change's impact on respondents' agricultural productivity, classified on a five-point Likert scale as 'to a very great extent' = 5, 'to a great extent' = 4, 'to some extent' = 3, 'to a little extent' = 2, and 'to no extent' = 1. A computation of individual and overall mean scores was done. Impacts with a mean score equal to or greater than (≥) 3.0 were considered as affecting the respondents to a very large extent, while impacts with a mean score of less than (<) 3.0 were considered as affecting respondents to a minimal extent. Mean scores were also used to analyse and describe results of the assessment of smallholder farmers' perceptions of the effectiveness of their adopted response measures, classified on a three-point Likert scale as 'very effective' = 3, 'effective' = 2, and 'not effective' = 1. A computation of individual and overall mean scores was done. Adaptation response measures with a mean score equal to or greater than (≥) 2.0 were considered effective measures, while those with a mean score less than (<) 2.0 were considered not effective. Cluster analysis was conducted to generate clusters based on the similarity of responses of participants to all items provided in the perceptions of participants to the impact of climate change on their production activities. This analysis was carried out using the statistical programme, STATA/SE version 15.
RESULTS
Respondents' mean age was 59.01 (SD=14.10) years, they had on average of 18.2 (SD=11.61) years' experience as livestock farmers, and the majority (66.2%) had either primary school level or no formal education.
Perception of temperature and rainfall changes in the last 25 years, climate change induced risks and levels of severity
The majority of the respondents (86.62%) perceived that there had been changes in temperatures. A total of 91.55% had perceived a decrease in rainfall intensity compared to 20 to 30 years ago. The majority (99%; x ̅ =2.73) viewed drought as the most challenging phenomenon, followed by fire outbreaks (70%; x ̅ =1.61), heat waves (69%; x ̅ = 1.53) and wind speed (58%; x ̅ =1.25).
Perceived impact of climate change on agricultural productivity
In addition to observed climate change-induced risks, livestock farmers had observed various impacts on their livestock production. This is as follows: decreased livestock growth rate (x ̅ = S. Afr. J. Agric. Ext. Popoola, Monde, Vol. 47 No. 2, 2019: 46 -57 Yusuf http://dx.doi.org/10.17159/2413-3221/2019/v47n2a502 (License: CC BY 4.0) 49 4.06), decreased livestock weight (x ̅ = 3.55), and decreased milk production (x ̅ = 3.36) (Table  1) .
Adaptation responses and perceived effectiveness of adopted response measures
Adaptation responses were limited to changing grazing routes (x ̅ = 1.83), increasing grazing distances (x ̅ = 1.59), destocking (x ̅ = 1.56), water harvesting and storage (x ̅ = 1.98), and increased dependence on social welfare (x ̅ = 1.74). None of these were perceived as effective response measures to the climate change stresses in the region (Table 2) . 
Cluster analysis
A ward's hierarchical cluster analysis was carried out. The simulation process of the cluster analysis allocated the respondents to four clusters and this allocation process identified the frequency of respondent occurrence in each cluster (Table 3) . Following Köbrich, Rehman and S. Afr. J. Agric. Ext. Popoola, Monde, Vol. 47 No. 2, 2019: 46 -57 Yusuf http://dx.doi.org/10.17159/2413-3221/2019/v47n2a502 (License: CC BY 4.0) 51 Khan's (2003) interpretation of the Dendogram, an elbow test verified the ideal number of clusters for the successive clustering method to be n = 4 (Figure 1) , which was consistent with the interpretation of the Dendogram (Burns & Burns, 2008) . G1-G10 in the Dendogram represents the boundary point for each of the clusters generated using each item on the Likert scale for the perceptions of the impact of climate change on poultry production. The Dendogram was generated by the items fed into the cluster analysis model. Further analysis was conducted in generating mean scores for all items in the four clusters (Table 4) .
Cluster 1 -Water scarcity for livestock production had the highest mean score (x ̅ = 3.81). This indicated the severity of lack of access to water as the most perceived impact of climate change conditions by respondents in this cluster.
Cluster 2 -Perceived increase in the scarcity of water for production activities also had the highest mean score (x ̅ = 4.29) indicating that it was the most severe impact for livestock farmers in this category. The perception level of the impact of scarcity of water on livestock production for this cluster was also found to be significantly higher than the perception level of respondents in the first cluster (x ̅ = 3.81). This could indicate that respondents in the second cluster were faced with higher constraints associated with scarcity of water than respondents in the first cluster. Popoola, Monde, Vol. 47 No. 2, 2019 : 46 -57 Yusuf http://dx.doi.org/10.17159/2413 -3221/2019 (License: CC BY 4.0)
Cluster 3 -Scarcity of water for production had the highest mean score (x ̅ = 4.68) in the third cluster which was found to be significantly higher than the perception of respondents to the impact of water scarcity on livestock production activities in clusters one (x ̅ = 3.81) and two (x ̅ = 4.29). This further indicates that they may be faced with greater threats of water scarcity than respondents in the first two clusters.
Cluster 4 -Water scarcity, grazing lands for livestock becoming increasingly limited, and increased disease occurrence had the highest mean scores (x ̅ = 4.95) in this cluster and were perceived by respondents in this group as the most severe impacts on production. All perceived items in this cluster had mean scores above 4.00 which were found to be significantly higher than the mean scores of items in the first three clusters, indicating that respondents in this group perceived all the listed impacts as more severe on their production activities than respondents in the other three clusters. 
DISCUSSION
The profound impacts of climate change perceived by smallholder livestock farmers in the study area were decreased livestock growth rate, decreased livestock weight, decreased milk production, decreased reproduction rates, increased pest and disease occurrences, increased poor vegetation and limited grazing land (veld), scarcity of water resources, increased livestock deaths, and loss of farm income earnings (Table 1) . Similar findings were reported in Southern Malawi by Nkomwa et al (2014) in their study on indigenous knowledge systems and climate change adaptation strategies in agriculture. The current findings were also similar to those of Mpandeli, Nesamvuni and Maponya (2015) in their study on adapting to the impacts of drought by smallholder farmers in Sekhukhune District in the Limpopo Province, South Africa. Sejian et al (2016) emphasised climate change-triggered heat stress in livestock as the precursor to reduced quality and quantity of meat and milk production. Specific effects observed include reduction in the daily average weight gain, body mass and conditions of the livestock, with reduced fat and lactose, and increased acidic contents in milk produced. Reproduction inefficiencies, however, result from heat stress affecting spermatocytes production in males and ovarian function and embryonic development in female livestock (Naqvi et al, 2012; Sejian et al, 2016) . Shongwe (2013) observed that incursion of alien species is highly conceivable with climate change which promulgates the occurrence and intensity of livestock pests and diseases. There are strong reasons to believe that certain pests/ macro-parasites and vectorborne diseases will be capable of invading new regions which will increasingly become extremely challenging for efficient and profitable livestock production (Calvosa et al, 2010; Newton, Johnson & Gregory, 2011) .
Scarcity of water resources (drought) (x ̅ = 4.50) and limited grazing lands (x ̅ = 4.07) are clearly perceived as overwhelming problems faced by the livestock farmers in the study area. Due to the drying up of available streams, brooks and rivers, most livestock herders are compelled to travel long distances in search of water, and livestock frequently drink from dirty water, a potential source of water-borne diseases. There are reported cases of conflicts among herdsmen and communities over water usage. Furthermore, the drying and burning of grasslands has resulted in limited grazing lands and a shortage of quality grasses to feed livestock, leading to increased livestock weight loss and, in some instances, death.
Findings revealed that adaptation responses were mostly limited to changing of grazing routes, increasing grazing distances, destocking, water harvesting and storage, and dependence on social welfare (Table 1) . Some of these adaptation responses were also observed by Taruvinga, Visser and Zhou (2016) in their study on determinants of rural farmers' adoption of climate change adaptation strategies in the Amathole District Municipality of the Eastern Cape Province. According to those researchers, existing livestock adaptation measures are limited and are carried out by only a small number of farmers. Moreover, Turner, McPeak and Ayantunde (2014) , as well as Speranza (2010) , argued that short-distance mobility, which is critical to agro-pastoral coping and adaptation mechanisms, is becoming a difficult adaptation measure due to prevailing socio-political conditions in various communities.
Destocking (mentioned by 55% as an effective response) is also an adaptation measure used in the study area. It is seen by a number of agro-pastoralists as a major type of insurance and defence mechanism (Mpandeli et al, 2015) . Mpandeli et al (2015) noted that destocking is a means used by some smallholder farmers during periods of uncertainty. This suggests that farmers may not necessarily want to sell their livestock, but are forced to do so as a means of coping with climatic shocks such as drought. Speranza (2010) also indicated that destocking during harsh climatic conditions is primarily a precautionary strategy for the majority of livestock keepers and that the market prices during these times are usually lower, ultimately decreasing rather than increasing households' asset base. The fact that farmers feel compelled to sell their livestock during times of drought indicates that farmers in these communities are bearing the brunt of climate change impacts.
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The majority of the respondents also perceived that the effectiveness of their adopted responses were insignificant. Climate change adaptation may well be beyond what an individual farmer can adequately respond to, and institutional support in this case becomes crucial. An example of such institutional support may be seen in the case of Uganda, where continuous drought was addressed through an all-inclusive stakeholders' forum that led to the construction of valley dams and the provision of tanks (water reservoirs) by the government (Lim et al, 2005) . Likewise, the intervention of the Ethiopian government led to the development of a comprehensive Famine Early Warning System (FEWS) to improve the coping and adaptation capacities of the rural farming population. Zougmoré et al (2016) stated that the capacity of a community to adapt to climate change and its associated risks is dependent on available economic assets, geographical location, information, technologies, infrastructures, institutions and networks.
Rural communities can only achieve very little in effectively adapting to climatic shocks which again emphasises the need to pool potential external support systems that can aid in sustaining livestock production in the region. One such critical support system is the agricultural extension institution. A very significant responsibility of the extension system is to provide awareness of and capacity building trainings on contemporary technologies developed through research efforts to boost climate change resilience and adaptive capacities (Khatam, Muhammad & Ashraf, 2013) . Furthermore, the Global Alliance for Climate-Smart Agriculture (GACSA) states that extension providers can contribute to mitigation efforts by strengthening farmer groups and rural organisations. Rural advisers can also facilitate engagements with new types of institutions related to climate change, such as insurance companies, humanitarian agencies and meteorological services (GACSA, 2016).
CONCLUSION AND RECOMMENDATIONS
Findings from this study revealed that smallholder livestock farmers in the study area perceived decreased livestock growth rates, decreased livestock weight, low milk production, poor reproduction rates, increased pest and disease occurrences, poor vegetation, livestock deaths, and loss of farm income earnings as major impacts of climate change on their production activities. The area is faced with drought which has led to intense water scarcity and the drying of available grazing lands. Identified adaptation responses are mainly limited to changing grazing routes, increasing grazing distances, destocking, water harvesting and storage, and dependence on social welfare; all of which are perceived by the livestock farmers as insufficiently effective to deal with the current climatic stresses.
There is a need to buffer the individual adaptation capacities of smallholder livestock farmers in rural communities through the implementation of adaptation schemes for rural livestock sustainability. Government climate change response policy and systems need to be invigorated at the local level and to target resource-poor smallholder livestock farmers. Institutional support is needed to mitigate climate change as climate effects are beyond the capacity of smallholder farmers working alone. In addition, farmers should also be motivated to join available production, marketing and other service-oriented cooperative groups geared towards combating climate change challenges in rural communities.
